OBJECTIVE: This prospective, randomized study compared the effectiveness of the cable pin system (CPS) versus tension band wiring (TBW) for olecranon fracture fixation. METHODS: Patients with acute transverse or slight oblique olecranon fractures were randomly divided into two groups: one fixed by CPS and the other by TBW. Clinical outcome data were collected and analysed following a mean duration of 21 months. RESULTS: The mean ± SD fracture healing time was significantly shorter in the CPS group (n = 30; 9.73 ± 2.02 weeks) compared with the TBW group (n = 32; 11.13 ± 2.21 weeks). One patient in the CPS group and seven patients in the TBW group experienced postoperative complications; this difference was statistically significant. The mean ± SD Mayo Elbow Performance Score in the CPS group was significantly higher (88.67 ± 6.42) than that in the TBW group (80.78 ± 11.99). Logistic regression analysis showed an association between fixation method and fracture healing time, complications and elbow function. CONCLUSIONS: Internal fixation by CPS is an effective method for olecranon fracture and is associated with a shorter healing time, fewer complications and better function than TBW.
Introduction
Olecranon fractures are common injuries, with most cases requiring surgical treatment. 1, 2 Tension band internal fixation for treating olecranon fractures was originally introduced by Weber and Vasey in 1963; 3 tension band wiring (TBW, which is a steel wire tension band supplemented by a pair of longitudinal Kirschner wires [Kwires]) has been recognized as the gold standard in the treatment of transverse olecranon fractures. 1, 2, 4, 5 Despite this, numerous postoperative problems associated with TBW have been reported. 4 -7 Symptomatic metal prominence has been found in up to 80% of patients undergoing TBW and may necessitate premature or secondary removal of the implants. 7 -10 The Zimmer ® Cable-Ready ® Cable Pin System (Zimmer, Warsaw, IN, USA) is a new design consisting of a partially threaded cancellous lag screw connected to a stainless steel multifilament cable. The manufacturer claims that its special structure can improve
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STUDY POPULATION
This prospective, randomized study included consecutive patients with olecranon fractures admitted to one of two hospitals in China (Beijing Chao-Yang Hospital, Capital Medical University, Beijing and People's Hospital, Peking University, Beijing) between June 2007 and December 2010. Patients' fractures were classified according to the Mayo classification system. 11 Patients were then randomly divided into two groups for treatment with open reduction and different types of internal fixation (the CPS group and the TBW group), using an adaptive biased coin design to protect against prognostic imbalance between the groups. The following prognostic factors were considered and stratified at each participating hospital: a balance of cases between the two groups; Mayo classification of fracture (type IIA versus type IIIA); 11 patient age (< 55 years versus ≥ 55 years). The randomization was carried out by a research assistant whenever an eligible patient was admitted and the grouping result was placed in a sealed envelope; both the doctor and the patient were blinded to the patient's group until the envelope was opened, immediately after the informed consent form was signed.
The study included patients aged 20 -70 years, with transverse or slight oblique olecranon fractures that were fresh, closed and 2 mm above displacement. The exclusion criteria were: nontraumatic fracture (i.e. fracture caused by disease leading to weakness of the bone); serious comminuted fracture; other fractures or injuries that could affect elbow joint function and exclude postoperative function exercise.
Eligible patients were only included after they had been informed of all aspects of the study, given their consent to participate and signed the informed consent form (which was then returned to the researchers, to allow further contact during the study). The study protocol was approved by the Medical 
TENSION BAND WIRING
Tension band wiring consists of two 1.8-mm diameter K-wires and a 1.0-mm diameter steel Q-H Liu, Z-G Fu, J-L Zhou et al. Olecranon fracture fixation: CPS versus TBW wire. K-wires are inserted into the bone across the fracture site parallel to each other, and the steel wire is crossed in a figure-of-eight and wrapped around the bone externally. The steel wire serves as a tension band while the parallel K-wires serve as rails along which the bone fragments slide. In combination with antagonistic deforming muscles, this can convert the tension force into interfragment compression force at the fracture site.
SURGICAL PROCEDURES
All surgical procedures were performed with the patient in the supine position, arm over the chest, under regional anaesthesia with an axillary block and under tourniquet control. The fracture site was approached via a posterior midline skin incision. The fracture was accurately reduced with bone clamps approved by the Association for the Study of Internal Fixation (AO Foundation; www.aofoundation.org). The procedures were performed according to AO Foundation guidelines. 12 In the CPS group, a 2.5-mm-diameter drill bit was used to drill the holes. The first hole was drilled from the proximal end of the olecranon across the fracture site. The drill bit was directed parallel to the subcutaneous border of the ulna (intramedullary), or angled slightly anteriorly and perpendicular to the fracture line as far as possible. The drill hole depth was measured and a pin of appropriate length was chosen. Next, the threaded portion of the pin was drilled across the fracture site through the hole until the tail was slightly countersunk into the bone. A second 2.5-mm-diameter hole was drilled parallel to the first, and the second pin was drilled across the fracture site in a similar manner to the first. The third drill hole was created perpendicular to the long axis of the ulna and posterior to the pins, at the same or slightly longer distance from the fracture site as the tip of the olecranon (usually 3 -4 cm distal to the fracture site). The two cables connecting the pins were crossed in a figureof-eight over the posterior surface of the olecranon. The leader needle of one cable was passed through the perpendicular drill hole (the third hole) in the ulna and pulled out. The free ends of the two cables were passed in opposite directions through a crimp, and the cables were adjusted by turning the button on the crimper tensioning handle. When the appropriate tension was achieved, the arms of the crimper tensioning handle were squeezed to secure the crimp. Finally, the cable cutter was used to cut the excess cables flush at the crimp.
In the TBW group, the two 1.8-mm diameter K-wires were inserted from the proximal end of the olecranon across the fracture site, parallel to each other. A 2.0-mm drill hole was created perpendicular to the long axis of the ulna and posterior to the Kwires at the same or a slightly longer distance from the fracture site as the tip of the olecranon. A 1.0-mm diameter steel wire was passed through the hole, crossed in a figure-ofeight over the posterior surface of the olecranon and passed anterior to the tail end of the K-wires, and the wire knot was tightened. When the appropriate tension was achieved, the excess steel wire next to the knot was cut, and the knot was bent down and buried in the soft tissues. The K-wires were bent to 180° and cut, rotated in their longitudinal axis, tapped down and buried through the tendon of the triceps.
Before closing, the wound was washed and the tourniquet was released to achieve successful haemostasis in both groups.
POSTOPERATIVE MANAGEMENT
Postoperatively, the elbow was secured in a sling flexed to 90° for 2 days; active elbow flexion and gravity-assisted extension were initiated afterwards. The patient was encouraged to move, depending on fixation quality and patient reliability. At 8 weeks postoperation, if there was evidence of radiological and clinical union the rehabilitation phase was started, based on strengthening exercises. The preoperative and postoperative protocols were the same for all groups and did not differ from routine clinical treatments for olecranon fractures.
ELBOW OUTCOME MEASURES
Incision length, operation time and intraoperative blood loss were measured by an instrument nurse at the end of the operation and all parameters were recorded by a visiting nurse. Radiographs of anteroposterior and lateral views of the elbow were taken immediately after surgery and at 4, 8, 12, 16 weeks, and 6 and 12 months, of postoperative follow-up. The quality of reduction, healing and implant position were each assessed routinely by immediate X-ray examination, undertaken by two radiologists. All digital radiographs were then centralized and reassessed by a senior radiologist on a computer screen, to determine whether and when the fractures had healed and whether the implants had migrated. An independent group of physicians (not involved in the initial fracture treatment and blinded to the fixation method) evaluated the clinical outcomes of all patients after a mean duration of 21 15 ; arc < 50°, 5); stability (scale with a maximum of 10 points: stable, 10; moderately unstable, 5; grossly unstable, 0); functions of daily living (scale with a maximum of 25 points: 5 points each for being able to comb hair, feed oneself, perform personal hygiene, put on a shirt and put on shoes). 13 The MEPS total score was graded as excellent (≥ 90 points), good (75 -89 points), fair (60 -74 points), or poor (< 60 points).
STATISTICAL ANALYSES
All statistical analyses were carried out using SPSS ® statistical software, version 13.0 (SPSS Inc, Chicago, IL, USA) for Windows ® . Differences in fracture healing time, elbow function and incidence of complications between the two groups was analysed using univariate analysis. Data were presented as mean ± SD, range, or number and percentage of patients. Continuous variables were analysed using the Student's t-test; categorical data were analysed using the χ 2test or Fisher's exact test. Binary logistic regression analysis was used to determine whether fracture healing time (< 12 versus ≥ 12 weeks), elbow function (excellent versus less than excellent) and occurrence of postoperative complications were associated with differences in the following parameters: gender; age (< 55 versus ≥ 55 years); cause of injury (slip and fall or sports injury versus car accident); fracture classification (type IIA versus type IIIA); hospital where the patient was treated (Beijing Chao-Yang Hospital versus People's Hospital, Peking); fixation method (CPS versus TBW). A P-value of < 0.05 was considered to be statistically significant.
Results
In total, 62 patients admitted to one of the two hospitals (36 patients at Beijing Chao-Yang Hospital and 26 at the People's Hospital) were enrolled in the study: 30 patients in the CPS group and 32 in the TBW group. Demographics, fracture classification and operative outcomes for the patients are given in Table 1 . Causes of olecranon fracture included falling (n = 34), car accident (n = 23) and sports injury (n = 5). According to the Mayo classification of olecranon fractures, 11 50 cases were type IIA fractures and 12 were type IIIA fractures. All patients had closed fractures and underwent Q-H Liu, Z-G Fu, J-L Zhou et al. Olecranon fracture fixation: CPS versus TBW surgery between 2 and 5 days postinjury. There were no significant differences between the two groups in terms of age, gender, Mayo classification type, 11 or factors relating to the level of operative injury (such as length of incision, operation time, intraoperative blood loss or follow-up time).
There were no cases of fracture nonunion (defined as a fracture that will not heal without further intervention) in either group. Overall, fractures healed within a mean ± SD period of 10.45 ± 2.22 (range 8 -16) weeks. The mean fracture healing time in the CPS group was significantly shorter than that in the TBW group (P = 0.012; Table 2 ). Outcomes associated with elbow function after surgery indicated that the CPS was significantly better than TBW. The CPS group achieved a significantly higher mean MEPS compared with the TBW group (P = 0.002); 29 (96.7%) patients had a good to excellent result in the CPS group compared with only 24 (75.0%) patients in the TBW group (P = 0.022; Table 2 ).
There were significantly fewer postoperative complications in the CPS group compared with the TBW group (P < 0.033; Table 2 ). One (3.3%) patient in the CPS group experienced postoperative skin irritation (caused by the small prominence of the pin tail and raised cable), which did not require additional treatment or premature implant removal. Seven (21.9%) patients in the TBW group had postoperative complications. Two of these patients had implant loosening with a mildly displaced fracture (one at 4 weeks and one at 6 weeks postoperation) which required a plaster slab for auxiliary external fixation until the fractures had healed at 16 weeks postoperation. Of the remaining five patients, four had proximal K-wire migration between 4 weeks and 6 months postoperation that led to skin irritation (in one case the Kwire passed through the skin, causing a local infection 18 weeks after surgery) while, in the fifth patient, the steel wire broke 12 weeks after surgery, resulting in pain. Five of these seven patients required premature removal of the implants, to facilitate symptomatic relief from complications. There was no incision Fig. 3 shows examples of complications associated with TBW.
Logistic regression analysis showed that fracture healing time (≥ 12 weeks), postoperative complications and elbow function considered less than excellent were significantly associated with TBW (P = 0.032, P = 0.047 and P = 0.027, respectively; Table  3 ). Less than excellent elbow function was also significantly associated with Mayo classification (type IIIA) 11 (P = 0.003) and patient age (≥ 55 years) (P = 0.002). Slower healing time was associated with patient age (≥ 55 years) (P = 0.012). Slower healing time, poor elbow function and postoperative complications were not affected by gender, cause of injury or the hospital where patients were treated (Table 3 ).
Discussion
Indications for the surgical management of olecranon fractures include open fractures, fractures
with interrupted extensor mechanism and displaced fractures. 2, 12, 14 Surgical options include open reduction and internal fixation, or fragment excision with reconstruction of the elbow extensor mechanism. 12, 14, 15 When treating an olecranon fracture, the primary goals are to regain full motion of the elbow without pain or stiffness, to achieve anatomic reduction of the articular surface and to provide sufficient stable internal fixation to allow early active movement of the joint. 12 In most cases of displaced fracture, the operative programmes are open reduction and internal fixation with a plate and screws or TBW. 2 Plate fixation is usually indicated for severely comminuted fractures only. 1,2,12,14 -16 The principle of the TBW technique is to convert the posterior tension forces into interfragment compression forces near the articular surface. 12 TBW is regarded as the gold standard fixation technique for treating transverse intra-articular olecranon fractures because of its reliable fixation and allowance for early joint active motion, 1, 2, 4, 5 and was 12, 14 It has been reported that the beneficial effects of surgery are compromised in up to 10% of cases due to postoperative complications associated with TBW, including infection, nonunion, malunion and ulnar nerve palsy. 7, 17 The placement of K-wires subcutaneously (and the potential for them to migrate) may result in localized pain, secondary displacement and local infection. 8 -10,17,18 Mullett et al. 4 demonstrated that the incidence of K-wires backing out could be reduced by passing these wires through the anterior ulnar cortex instead of placing them in the intramedullary canal. The transcortical K-wire technique is recommended by the AO Foundation. 14 Placing K-wires through the cortex of the anterior ulna is, however, associated with an inherent risk of injuring nearby anterior neurovascular structures if the wires move out of place. 6, 19, 20 Additionally, transcortical K-wires may impact on the radial neck, proximal radioulnar joint, supinator muscle or biceps tendon, thereby impairing forearm rotation. 20 -22 Loosening of the implant leading to skin irritation is considered to be the main complication of TBW in olecranon fracture fixation. 7 -10,17 The K-wire has a smooth surface without threads and has a tendency to back out of the repaired fracture, so that loosening of K-wires is inevitable with activity and time. The present study included 32 cases of olecranon fractures that were treated with TBW fixation. The K-wires were placed parallel to the axis of the ulna (intramedullary), and 75.0% of cases had a good or excellent rate of elbow function according to the MEPS. Reports of complications such as backing out of the K- Mayo classification of olecranon fractures (type IIA versus IIIA); 11 hospital (Beijing Chao-Yang Hospital versus People's Hospital, Peking); fixation method (CPS versus TBW); healing time (< 12 weeks versus ≥ 12 weeks); elbow function (excellent versus less than excellent); complications (yes, no).
NS, not statistically significant (P ≥ 0.05).
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wires, skin irritation, pain and implant loosening were similar to those described elsewhere. 7 -9,17 Associations between transcortical placement of K-wires and complications, such as nerve damage or rotation blocking, that have been previously reported 6,20 -22 were not observed in the present study, indicating that intramedullary placement of the K-wires may minimize such complications.
New fixation techniques that maintain the use of intramedullary K-wires and eliminate the issue of wires backing out are being evaluated. 18, 23, 24 The CPS is a new design, according to the principles of TBW, that combines a partially threaded 4.0-mm cancellous lag screw (pin) with a cable. After inserting the partially threaded pin portion into the bone, the cables are wrapped externally around the bone and tension is applied. The cable attached to the pin prevents the pin from backing out, creates compression at the fracture site and is prevented from migrating. Biomechanical properties of the cable make it superior to wire: cable has a better static strength and much greater fatigue strength than monofilament wire; in addition, cable is more flexible, which makes it easier to insert and remove, and less irritating to the bone surface and soft tissues than wire. The cable pin technique enables the surgeon to implement simultaneous, interconnected internal and external fixation of the bone. Stable and strong fixation is beneficial to fracture healing, allowing early functional exercise and resulting in good elbow function. 12 The CPS group in the present study had a mean healing time of 9.73 weeks, a MEPS score of good/excellent in 96.7% of patients and only one case of postoperative complications. Logistic regression analysis showed that fracture healing time (≥ 12 weeks), presence of postoperative complications, and less than excellent elbow function were all significantly and positively correlated with TBW and negatively correlated with the CPS, confirming the advantages associated with the CPS in the treatment of olecranon fractures. According to logistic regression analysis, impaired elbow function was associated with Mayo classification (type IIIA fractures) 11 and patient age (≥ 55 years), while slower healing time was also associated with patient age. This is consistent with the general consensus that older patients are at greater risk of impaired elbow function and require longer fracture healing time compared with younger patients, while more complex fractures are also linked to poor elbow function.
Several important aspects related to our experiences with CPS were identified in the present study. First, the CPS is a fixation rather than a reduction system: the fracture should be reduced and temporarily fixed before using the CPS to fix it. Secondly, the pin needs to be of an appropriate length: if it is too long it may penetrate the ulna cortex, irritate the soft tissue and cause neurovascular injuries, whereas if it is too short it will not stabilize the fixation. Thirdly, pins should be placed close to the articular surface to prevent a juxta-articular interfragment gap. They should be perpendicular to the fracture line, as far as possible, and the thread section should pass completely through the fracture site; thus, the smooth section of the parallel pins guides the compression force and serves as rails along which bone fragments slide. This is conducive to maximal conversion of the cable tension force into interfragment compression force. Fourthly, the pin tail should be slightly countersunk into the bone to prevent any protuberance of the pin tail that might irritate soft tissue, and the cable should be close to the bone surface to replace Q-H Liu, Z-G Fu, J-L Zhou et al. Olecranon fracture fixation: CPS versus TBW the role of the tension band. Finally, the procedure used to tighten the cables is crucial. The elbow joint should be placed in a straight position, keeping the two cables tightened and balanced with appropriate tension, while avoiding over-tightening, an uneven articular surface, or cable jutting out from the bone tunnel. One patient in the CPS group experienced postoperative skin irritation caused by a bowstring-shaped protuberance at the connection between pin tail and cable. This was due to the pin tail not being countersunk into the bone, which led to the cable being raised above the bone surface.
Several limitations to the present study could have biased the final results. First, patients were treated in different hospitals by different groups of surgeons. Secondly, preinjury elbow function could not be evaluated or controlled for in patient allocation. Finally, the tightening force for the cable or the steel wire was not standardized, so tension may not have been equal, which might have had an influence on interfragment pressure and tension band force.
There are also some limitations to the CPS itself. The pins have a large diameter (4.0 mm) and might not be appropriate for comminuted fractures with small fragments or osteoporosis. Additionally, there is only a choice of four pin lengths (35, 40, 45 and 65 mm), although the 65-mm pin should meet the requirements of most fractures. The pins are supplied in packs of two pins of the same length, which may limit the ability to select pins of exactly the right length. Thus, it may be worth changing the packaging, so that single pins of the correct length can be selected, and adding other lengths (e.g. 55 and 75 mm). Finally, the CPS is more costly to purchase than the TBW system.
The TBW system is still considered to be the gold standard in the treatment of olecranon fractures, 1, 2, 4, 5 and is used as the standard comparator in efficacy assessment of other fixation methods. The present prospective, randomized study showed that there was no significant difference in operation time and operative injury between the CPS and TBW fixation methods, but revealed significant differences in favour of the CPS for fracture healing time, postoperative complication rate and MEPS. The present study indicated that internal fixation using the CPS was effective and reliable in the treatment of olecranon fractures, and the data support the clinical application of the CPS.
Similar to TBW, the most appropriate indication for the CPS is transverse fracture. For mild oblique fractures, the pin direction can be adjusted to obtain satisfactory results. For comminuted fractures, a locking plate is generally advised. Recently, we have tried to use the CPS in mild comminuted fractures and preliminary results have been satisfactory (unpublished data); its use in this indication needs further research.
In conclusion, internal fixation using the CPS can shorten healing time, enhance elbow function and reduce the incidence of complications in the treatment of olecranon fractures, compared with TBW. Although it is costly and has some shortcomings, CPS is an effective and reliable fixation method that is worthy of clinical application.
